INTRODUCTION
As people with HIV age, they are becoming an increasingly medically complex population. The share of people newly diagnosed with HIV who are older than 50 is increasing, especially among men. 1 Those with long-standing HIV on combination antiretroviral therapy (ART) also benefit from significant increases in longevity. 2, 3 With age, people living with HIV (PLHIV) are likely to acquire additional multimorbidity related to normal aging as well as from the effects of HIV and its treatment, including renal failure, hypertension, and diabetes. [4] [5] [6] [7] [8] [9] [10] This demographic shift is changing the end-of-life experience of PLHIV in the developed world where mortality from non-AIDS eventsincluding chronic diseases, substance abuse, and non-AIDSdefining cancers-now exceeds that of AIDS-defining conditions among individuals receiving ART. 6, 7 This rising multimorbidity and concomitant polypharmacy have led to escalating costs of care among PLHIV. [11] [12] [13] [14] [15] In addition to the cost of ART therapy, higher costs arise among people with more advanced HIV disease, usually as a result of inpatient admissions. [11] [12] [13] [15] [16] [17] Regardless of disease status, health care costs among PLHIV remain significantly higher than those without HIV across all sectors of care (outpatient, inpatient, emergency department, and non-ART medication costs). 11, 14 At the population level, we know that costs of care at the end of life are high, are dominated by acute care, and escalate in the last 120 days of life. 18 Overall, total costs of delivering care to PLHIV increase with age 19 and escalate toward the end of life. 12, 13 However, little is known about the end-of-life care and cost across all health care sectors among PLHIV, and how they differ to those without HIV.
We had two objectives to this study: first, to describe the places of care that PLHIV experience near the end of life, including where they ultimately die, and to quantify the costs of end-of-life care among all PLHIV in Ontario, the Canadian province with the highest number of PLHIV. Ontario has a single payer health care system with universal access to most physician services, hospital admissions, emergency department visits, long-term care, home care, and continuing care/inpatient rehabilitation, as well as prescription medication costs for people older than 65 and those on social assistance.
METHODS

Data Sources
We conducted a retrospective, population-based study among PLHIV in Ontario, Canada. We used the multiple databases available from the Institute for Clinical Evaluative Sciences (ICES), a comprehensive collection of administrative claims and billing data in the province of Ontario. These deidentified databases are linked at the individual level using encrypted health care numbers as unique identifiers and are made available through a data-sharing agreement with the Ministry of Health and Long-Term Care. Ethics approval was obtained from the Sunnybrook Health Sciences Centre Research Ethics Board in Toronto, Canada and from the Ottawa Health Science Network Research Ethics Board in Ottawa, Canada.
The databases used include the Registered Persons Database, which includes demographic and mortality data for all residents eligible for provincial health care; 2006 Statistics Canada census data to link postal code of residence to attribute the household income quintile, as a proxy for socioeconomic status; the Ontario Health Insurance Program (OHIP) billing claims system, which contains 95% of physician and laboratory services conducted in the province; the Discharge Abstract Database which captures all provincial hospital admission discharge data; the National Ambulatory Care Reporting System, which contains information on emergency department and selected outpatient visits; Immigration, Refugees, and Citizenship Canada data, which contain information on individuals granted permanent residency in Canada; the Continuity Care Reporting System, which contains resident information for all publicly funded residential care homes with 24-hour nursing care (ie, nursing homes) and those in designated complex, nonacute institutional care beds; the National Rehabilitation Reporting System, which provides data on adult inpatient rehabilitation care; the Home Care Database, which collects service data on home care services, the Client Agency Program Enrolment registry, which tracks patient enrolment to individual family physicians; and the Ontario Drug Benefits, a claims database of publicly funded prescriptions for individuals aged 65 and older and those receiving social assistance (Ontario Works, Ontario Disability Support Program), or eligible for the subsidized catastrophic access Trillium program.
Study Population
We used the Registered Persons Database to capture all deaths in the province over the 3-year period from April 1, 2010 to March 31, 2013 . Our study population included decedents eligible for provincial health insurance. We identified PLHIV on April 1, 2010, using an algorithm previously validated in Ontario-based on physician claims with a diagnosis of HIV-with a sensitivity of 96.2% (95% confidence interval: 95.2% to 97.9%) and specificity of 99.6% (95% confidence interval: 99.1% to 99.8%). 20 Decedents not meeting this HIV ascertainment algorithm comprised the comparison group.
Variable Definition
We used neighborhood-level postal codes linked to 2006 Statistics Canada census data to assign income quintiles and rurality scores at one year before death. 21 We used data from the Immigration, Refugees, and Citizenship Canada database to categorize patient immigration status as follows: Canadian born or long-standing immigrant (as immigration data are only available after 1985), immigrant from an HIV-endemic country, or immigrant from an HIV nonendemic country. The Johns Hopkins Adjusted Clinical Group System was used to ascertain multimorbidity by assigning patients to up to 32 distinct Aggregated Diagnosis Groups (ADGs), weighting these ADGs and creating a composite measure, the ADG score, which has been previously shown to be highly predictive of one-year mortality. [22] [23] [24] We used the Ontario Drug Benefits claims database to identify individuals who were eligible for public drug coverage and those who had actual claims during the study period, including specifically for any ART during the study period. Home care services were ascertained as palliative or nonpalliative based on the Service Recipient Code, an administrative flag which determines eligibility for services, captured in the Home Care Database. We used a previously validated algorithm looking at the percentage of claims designated as palliative care to identify whether home visits were performed by a designated specialist in palliative care. 25 Finally, we used the provincial Client Agency Program Enrolment (CAPE) registry to identify family physician remuneration models. Fee-for-service models primarily reimburse physicians based on a per-visit fee schedule. Capitation models are those that primarily reimburse physicians based on age-and sex-based capitation rates for rostered patients, with some additional funding for allied health support. and cost information per use. We used previously described methods to assign the costs of all health care records paid for by the MOHLTC. 26 Briefly, cost information for sectors (eg, hospital admissions, complex continuing care, and inpatient rehabilitation) that have global budgets (eg, by institution or by health region) is determined using a top-down approach through case-mix methodology. Sectors that have fee payments associated with each use (eg, drug costs or physician fees) have costs estimated directly. All costs were expressed in 2013 Canadian dollars; we inflated past costs using health carespecific yearly consumer index reported by Statistics Canada. Health sector cost for the population was the sum of all costs among decedents captured within each respective sector.
Receipt of Services
We report receipt of care by sector in the last 90 days of life. We categorized places with receipt of care as the number of days spent in the following care settings: hospital (includes acute care, complex continuing care, designated inpatient rehabilitation beds, and emergency departments) and at home with receipt of home care. Days spent in more than one setting were counted for each of the places with receipt of care. We reported location of death in hospital or in the community. We defined palliative hospitalizations as any hospital admission during which receipt of palliative care was reported as a contributing reason for admission, or if care was provided by a palliative care team. 27 We defined receipt of home care services as those provided by publicly funded Community Care Access Centres and, when provided, we categorized these as with receipt of palliative care if an endof-life designation was given. 27 We determined whether decedents had received one or more physician home visits and categorized these as having palliative specialist involvement if they had received one or more home visits from a palliative specialist. 27 
Analysis
We used frequencies and proportions to report characteristics of the study populations. All statistical tests were 2-tailed, and P = 0.05 was used to determine statistical significance. We used multivariable linear regression analysis to determine the association between decedent characteristics and the number of days spent in hospital in the last 90 days of life, adjusted for decedent HIV status, age, sex, neighborhood income quintile, neighborhood rurality, ADG score, immigrant status, primary care model, whether the decedent received home care services in the last year of life, whether the decedent had received palliative, nonpalliative, or no physician home visits in the last 90 days of life, and any receipt of ART in the last year of life. We used SAS 9.3 (SAS Institute Inc., Cary, NC) for all analyses.
RESULTS
Study Population Characteristics
We observed 264,754 eligible deaths during our 3-year study period: 570 among PLHIV and 264,184 among people without HIV (Table 1) . PLHIV were significantly younger than those without HIV: mean age of death was 56.1 years (SD 15.3 years) among PLHIV vs. 76.6 years (SD 15.2 years) among those without HIV (P , 0.01). PLHIV were more likely to be male, to live in the lowest income neighborhoods in urban settings, and to have emigrated from an HIVendemic country. PLHIV also had higher ADG score than those without HIV and were more likely to receive care in fee-for-service models of primary care vs. newer capitationbased models.
Health care utilization at the end of life differed significantly between PLHIV and those without HIV (Table 2) . PLHIV spent significantly more days in receipt of acute care in the last 90 days of life than decedents without HIV (20.0 vs. 12.1 days, P , 0.01) and were more likely to Table 4 shows the results of our multivariable linear regression model estimates of the association between patient characteristics and number of days in hospital in the last 90 days of life among restricted to PLHIV. Among PLHIV (Table 3) , after adjustment, only higher ADG score (estimate 0.60, P , 0.0001), receiving nonpalliative home visits (estimate 16.91, P , 0.0001), and not receiving any Ontario Drug Benefit prescriptions (ODB) (estimate 12.82, P = 0.002) were statistically associated with having spent more days in hospital in the last 90 days of life. Parameter estimates of receiving palliative home care (c.f., those receiving home care) and being rostered to a family physician in a capitation model suggested reduction in days spent in hospital, although the large standard errors led to nonsignificant P-values.
INTERPRETATION
In this population-based study, we found important differences in the end-of-life experience among PLHIV and without HIV. In particular, despite advances in and access to ART at the time of our study, PLHIV were significantly younger than those without HIV, with a mean age of death of about 20 years younger. Their care at the end of life was dominated by receipt of acute care, with PLHIV spending on average 8 additional days in receipt of acute care in the last 90 days of life and more likely to die in hospital settings. This increased receipt of acute care use led to substantial costs of care in the last year of life, with health care costs for PLHIV 50% greater, or more than $27,000 more per person, than those without HIV. These findings have important implications as the population of PLHIV becomes older and increasingly complex, and presents an opportunity to improve both population costs and patient-oriented quality of end-oflife care for this population. We are the first to show end-oflife health care use and cost of a population-based HIV cohort across a wide array of health sectors.
ART has led to substantial increases in longevity among PLHIV in developed settings; today, a 20-year-old adult on ART has a life expectancy approaching that of the general population. 2 However, our study reinforces that PLHIV are still dying much earlier than their non-HIV counterparts, and remain more marginalized with lower income. Such marginalization among people nearing the end of life is consistent with findings of the long-term care and home care population in Ontario in which PLHIV represent a minority population burdened by psychosocial and medical complexity. 28 There is substantial evidence that poor control of HIV contributes to higher costs, mostly due to the receipt of acute care, [11] [12] [13] [14] [15] [16] [17] and that receipt of ART is associated with higher medication costs but lower overall acute care costs. 15 We did not find ART use to be associated with fewer acute care days; however, this finding may be confounded by the likelihood that drug costs are institutionally covered while patients are in receipt of acute care, thus may not appear within ODB claims. The disproportionate acute care use, and resultant increased proportion of PLHIV dying in hospital settings, also has important patient-level implications. Most Canadians would prefer to die at home. [29] [30] [31] However, PLHIV were less likely to receive palliative home visits near the end of life, consistent with low use in previous studies 32 and despite evidence that receipt of palliative care in the home is associated with increased likelihood of dying at home. 33 Furthermore, few PLHIV died in long-term care facilities; this is partially a reflection of younger age at death, and highlights the need to understand, develop, and implement patientcentered care settings that address the complex needs of an aging HIV population. [34] [35] [36] [37] In particular, aging PLHIV require a focus on mental health, 28 chronic pain management, 28 and polypharmacy, 28 as well as mechanisms to address social needs including isolation and stigmatization, 28, 37 economic hardship, 37, 38 and housing stability. 39 These challenges are in stark contrast to those faced from the typical nursing home population, typically older than 80 years with cognitive and physical disability resulting from dementia and senescence. 40 Given the diversity of the population of PLHIV, these needs may be heterogeneous in nature 41 and may differ from the priorities of their health care providers. 39, 42 Our data sets allow us to quantify care among a geographically and ethnically diverse population of PLHIV, reducing biases inherent in clinical cohort data.
Furthermore, we were able to quantify comprehensive use and costs of care across an array of health care sectors. However, there are limitations to our findings. First, we were only able to identify people who were diagnosed with HIV by the health care system. We did not capture those who did not know they have HIV, and those who did but chose not to seek treatment. Misclassification of these individuals would attenuate any differences we see between the population with and without HIV. Second, although we were able to capture most costs within our single payer system, we were unable to ascertain direct costs paid out of pocket or through personal insurance, including private care, allied health support, and medications (including costly ART) paid for outside the Ontario Drug Benefit program (13% of PLHIV have no coverage). We were also unable to determine the indirect costs of care, such as that to informal caregivers, which can be substantial at the end of life. 43 For the same reasons, our results may not be generalizable to other nonuniversal health care systems. Third, there is substantial evidence that poor control of HIV contributes to higher costs, mostly due to receipt of acute care [11] [12] [13] [14] [15] [16] [17] : as we could not ascertain immune status from our data, nor the age at or time from HIV diagnosis, HIV disease stage may play an unmeasured factor in our findings. Finally, there are likely unmeasured health and social determinants that influence access to care and services that are unmeasured in this study. 44 Our study highlights that even in a system with fairly comprehensive health and social supports, PLHIV face considerably poorer health outcomes at the end of life despite higher costs of care. In perspective, the mean cost in the last year of life for PLHIV ($81,032.42) was substantially higher than those with cancer ($54,457) or congestive heart failure ($59,165) (P. Tanuseputro, June 14, 2016) . These findings present a challenge to health care planners in determining the most effective and cost-efficient ways to provide end-of-life care to complex patients, including the integration of patientcentered HIV services 37 with earlier community-based palliative care services. 45 This study provides a signal of suboptimal end-of-life services among PLHIV; future work should explore the determinants of this experience and identify opportunities to optimize the quality and cost effectiveness of care, in particular the receipt of appropriate palliative care services. 
